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Abstract:  Companies should be conscious of optimization of their
production and distribution channels for their products. Our purposeisto
maximize the profit of a company which deals with such problems. A linear
programming model has been implemented for the distribution system to
provide optimal operating supply routes. The model ssimply considers a
company with two textile factories manufacturing five identical productsin
two different areas ("Area' means both market and local suppliers).
Sensitivity analysis has been used to improve the earnings of the company
and to determine whether the company could handle economic changes.
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CThe companies should be conscious of optimization of
their production and distribution for  their products. The
purpose of our project is to maximize the profit ot a
company which deals with such problems. A linear programming
model has been implemented for the distribution system to
provide optimal operating supply routes. Our model simply
considers a company with two textils factories manutacturing
five identical products in two different aresas ("Area" means
both market and locel suppliers). The ssnsitivity analvsis
has been used to improve the earnings of the company and Lo
zee ¥ the compeny was able to handle =sconomic changes.



IT. INTRODUCTION

The present QPOjéCt is a simuwlation of the suchanges
between two regions, to optimize the profit of & company
which has interests in bGoth of them. This simulation is
developed through four ditferent steps. Thé first one has
defined the specifications of the two regions. The sscond
has imtégrated those data in a linear programming model. The

third has given the solutian of

¥

e probiem and the Fourth
has studied the results to improve and check the
availability of the model.

The exchanges in the model ocouwr at two difierent
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—Detweesn suppliers and fFactories
—hetwesen factories and customsrs.
Not only the intraregion bubt also the interersegion
exchange takes place between the regions. Théy are attected
oy different aconomic and industrial factors whicﬁ will be
discussed in the model The effects of those factors will
take place in the sensitivity analysis. Then, th@§E tindings
will be supported in the conclusion and recommendations

section.



ITI.PRORBLEM DEFINITION

AL THE COMPAany

The firm which has been studied, ﬁepresemﬁs a medium
zired textile company which manuwfactures Tive types of
clmth; Those are the most commonly used products in the
textile irndustry. Three kinds of fiber constitute them, wool
as a natural Fibee, with oolyvacrilic and polyamid as two
artificial fibers. The percentages of the different fibsrs
arg fized and well measured for all the finished goods.

The company purchasss those raw materials from two
suppliers, one for each region. Their prices are directly
related to the level of production but not to the gquantity
purchased,

The +inished goods are manuwfactured in btwo differsnt

pu
et
bl

nts. For both of the plantse, two kinds of production
mosts incuwr, a fixed cost and a proportional cost which is
related to the cutputs of the tTactory. The products are sold
to two customers, one for sach region. Those customers Can
be considered as retailers. They determine their prices

directly with the leve: of the demand in their marksts.
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The input of each factory camn come from both suappliers
as the outouis can 2 sold to both retalliers, bub the
charges of transportation are paid by the company. Those
costs are proportional to the weight transported and don 't

i

depend on the product transported (no difference betwesn raw

ame i

U

materials and finished goods). The charge is the

Both wavs (from region 1 to region 2 and from region £ to

e

ragion 1y and it is equal to zero for interrsagional

transportation (short distarnces).

. THE RESBIUNS

S o

As it could be induced, sach region is considerad feoom

e e D(:,iﬂ‘t\:_' ot view:

~a piace of production for raw materials

|
5t}

place of producticon for finished goods

—a markat for the manufactursd produsts.

The two regions considered are different in terms of
ecmnmmic conditions. The First one is more likely an
agricultural region and the second is typically an
industrial one, but all of them are the spatial

concentration of a retailer, a supplier and a factor. That’'s

why intraregional transportation costs are igrnored.
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In terme of supply of raw materials, the agricuitural

-

region has a high wool, and & low polyacrilic and polyamid
production. Az contrary, the industrial region has low

production of wool , and high production of those artitici

L1

1Y

Tibers,

in termse of the characteristics of the factories, the
agricultural regiomn has a low financial Capability and 1ow
manuwtactuwring cavacity. As contrary, the induﬁfrial eegl on

has a higher capacity and Timancial capability.

In terms of the market demand within the regions, Lhe

0

agricultural one has a small markest, where the people are
mors concarned with the low prices rabther than the gquality.
O the obher hand, the industrial region bhas a bigger market
whisra the guality is ifeportant in the QUﬂCﬁaSE‘Qf an item
amd'the'priaea are high.

in terms of the transportation betwsen the regions, the
same amount of money is charged For both an matéﬁial and
Tinished goods. Bubt the limitation of tﬁaﬂspoﬁtation difters

from one region to the other.




ohaiective function 15 3
maximize z n‘i{%EFFBLm * OFSkIm (sales)
& ™~
~STSFRML ;% ORML Gk (purchase of raw materiais)
YR
~EEEATRML L # GRMI ik {(transp. of raw materials?
T
~§P§2T?ﬁ&m ¥ OFGLIm {transp. of finished goods)
ol ,
~2§§‘3:F5u % OFGRImM  (production costs:?
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e tined costs has ot

THRML k=

FREm and also

{constant?

are constant and don’t changes the makimization.

OOTHE CONBTRAINTS

. Froduction constraints

e raeglions can
than they have produced:

= BRMIdk = SPL

SF1E 1 the maximum produactic

supplier 1.

noof raw materials 3

been considered because Lthey
provide bthe factories with mora
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& Trangport limitation constraints
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e company 1S using breucks in teansportation which

L

ty. The limitation is the same for both
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of bthe regions. But, with finished goods, this limitation 1

hardar to bear because of the packaging:
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g data have
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o this simple model, heen provided by

people with suwperience in textile industry, marketing anc
teansportation. For & more general model, the use of a

database through a matrix generator program would be

I

NeCEssary
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data are given in appendices {(Appendix Ay. Th
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incliuded ail the prices, costs, productions and capacities

i

detined in the objective function and the constraint
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2.0 QFEL1L + 21
4.8 QFGL31L + 4.8
J.0 BFELEL + 3.0
Ted GFHIZE2 + 7.4
F.7 GFG147 + 9.7
T.7 RMLLL - 7.5
1.0 ORMLI3L — G.9
1.0 BRMIZZE -~ 1.3
.3 ORMLIZ —~ 6.3
G 3 RRMZZ2T - 0.3
0,3 BFEL32 - 0.3
OL.3 DFEEZL - 003
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15,  OFB1i1 + 3??211,m 25
20, WFBIZL + OFGERL = 56
: 21, OFGLIED 4 DFG”RiA@ 45
BZ. o GFE1I41 + GFBT41 = 40
23, PFBISL + ogﬁﬂf T
24, GFGEI1Z + BFBRIZ = BG
2%,  QFB1Z2 + oFaﬁzz =85
T4, DOFBL3Z + RFEZ3Z = 140
27.  OFB147 + QOFBZ42 = TO
| 7B, RFBiST + -Frhqgfx =1y} S -
25, -1 GRM111 ~ 1.0 ORMZ11 4+ 1.0 OFB111 + 1.0 OF3112 -+
' G b &F6121,+ u.4 PFGIEE + ¢.3 BFB131 + 0.3 OFGI32 +
0.5 OFG141 + 0.5 BFG142 = O U o ;
: 3. =1 BRMIZ1 ~ 1.0 GRMZZ1 + 0.4 OFBIZ1 + 0.4 OFG122 +
= ‘ G.5 OFBIZL + 0.5 OFGI3Z + 0.5 OFG141 + 0.5 OFG142 +
1.0 BFE1S1 + 1.0 GFBISE = ¢ R :
3i. =1 ORMIZL - 1.0 QRME31 + 0.2 OFB121 + 0.2 OFGIE2 +
0.2 GFBI31 + 0.2 OFB132 = O ,
I2. =1 BRMILIZ - 1.0 ORMELZ + 1.0 OFGZL1 + 1.0 OFB21Z +
T4 QFBRR1 + 0.4 OFGEEZ + 0.3 OFEE3L + 0.3 OFBE3Z 4
G.5 GFEZ41 + 0.5 OFG242 = O o
I3, ~1 ORMIZD - 1.0 BRMIEZ + 0.4 OFBE21 + 0.4 OFBERT <
0.5 wkmgﬂi + 0.5 QFEZ32 + .5 OFG241 + G.5 DFEZ42 +
1.0 OFEESL + 1.0 GFBE3SE = & S :
34, o~ anliaa ~ 1.0 ORM232 + G.72 OFETR1 4+ 0.2 ﬂFa::: -
! E 4.7 GFBZXL + GJZ BFBIZ3IZ = O ' o
A%,  BRMiIiL + 7RM1¢“ +ORDRMIZT o+
: PRMIZE + GRMLI31 + DRMIZZ < SQ0
: I&. BRMZIZ + QRMZLL + ORMREZZ +
I BRMZZL + ORM232 + ORMZZL < 500 -
AT, OFG111 + OFGIZ21 + UFGL3L + QOFB141 + OFB1S1 +
DFELIIZ + QFBLRZ + OFB13Z + OFG142 + QFGISE < 400
3. OFB21Z + OFB222 + OFB232 + OFGZ4AZ + OFG2SZ +
GFB211 + DFB2RT1 + 0FG:31 + QFug4i'+

QFBESL < 4G4

The results associated thh this Formulation are pat in

Appendix. B at the end of tha project.

i

4
1

The cumpanyfs‘mﬂm+it'is maximized and resuited a

2 = $1,456,7T34,00 (without fixed costs)
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another. This is the grincipal point oFf study
general understanding of this sconomic model.
DRAZEL = LT 043480 tonsdyear

GRMILE

i

21.360870 tone/vear
GFEZLL = OL0B4LSSLI tonsdyear

GFELI2Z = 30, 000000 tons/year

BFEL32 = 25.086%60 btons/ysar
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F Ehe oA

flowing Trom ons region Lo

o have a

i

For- raw materials, the flows try to balance the

oroduction beltween the regions. They ocowur from a reglion

with a high level of production to the ongs wiith

T
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r
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a low 1

Woo: goes froam bthe agricaltural Lo the industeial region and

it is the conteary for polvacrilic. Folvamid, in sufficient

guantlity in both regions, 1s nob exahangsd.

For manutactured products, il seems that the factory

and the rest of the production is sold on the

with higher prices. Froducts 2 oand
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a2z a4 sutficient capaciby bo meset the demand oF its marks
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ed to reglon

2. Factory 2 works to complete the demand on those products

and also fuifills the demand Ffor the resh.



A BLACKS AND BINDING CONGTRAINTS

The binding constraints are the limitations of the
p&a%it in khe solution. Their study indicates on whioh
factors the company can acht to improve its pﬁa%it. The
canking of all the shadow prices, associated with =sach

binding constraint, permits to epe the most profitabl

1

change i the resource aliocation.

P

in the sclution, there are +ive difrerent binding

1

constbraints in this ordes:
constraint 33 on transportation tor region 2

congtraint 4 on wool supply in reglon 2

- “

it L

i

constraint ¥ on polyacrylic supply in regl

i

— a
i

constraink on cash availlability in factory 1

constraint 10 on production capacity of product 2 in

To improve its profit, bthe company can increase its
capasity in those resources. For example, it Ccan Ting new
suppliaer in wool and polyaceyiic, buy & machine or a bruck,
mlg bﬁbraw money. The righthand side Pahges give the limit to
Lhose ahamgeg if bhe campamy wants Lo maintain its
prpduction at the same level. Theviimiﬁ and the increase 1n

the profit are ag follows for the pravious constraints:

-5



constraint 38

Q.00 tonelye
consteaint 4 Zi.46 tonslveas
constraint 2 .73 tonsSvea
constraint 72 %3&@ and %15

constraint 10 2%9.4 tons/vye

The oniy
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The

1ower it

that the company can decreass the
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action for Lhe

The price

1 e
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nes, =2Spaclal
actory 1 and th
iacksi,

COompany
PEOROSED

abriea.

=5

is

by

ly those Lo

Tirtehed

interesting action vor fthe company is to transter

in a paragraph below,

A6

resources from one region to anobthse. 7

P x
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ackse indicale ror which resource the company Can
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g
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e cosfricients of the obiective tunction are two

vpes. ror bthe fFinished goods, they repressnt bh

1

pgrotit of

the company on a particular product. For the raw materials,

r‘\"

th is the cost of & fiber, inci udxﬂg the cost of
ranesportation. They are not sasy to study, becausse many

-

,1(

actors indilusnce them {price, transportation and Ltype of

production,...?. But it is interesting to remark that for

L

many a+ Lhem  oniy & change of 1% can modity the general

]

production (G

_rl
3
-

GFEE1L, QFG1LEE, OFRBREEZ, BFEIEE, OFERIE.
Thiz indicates that fthey should be very well svaiuatsd

especially for the Fimished goods given above.

i.Transter of internal resnurteEs
The cheapest thing tg do s ho transter capital from
ore fTactory Lo the other {appendix ©1), but it has been

shown before that the incrsase in the grofit is tiny. The

“xlubion almost didn't change. Now GFER11=3 and before it

Aas STHyg. From bthe manager’'s point of view, there is no nesd

inogiving more cash to factory 1. Even i+ he doesn’t import

ATkyg of wool, his production is practically optimized.



Associated with the cash availal 1 ECOnOml s
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derined a measure of indusicial pertormance, the retuwrn of
investment (ROI:. For this company, even withooal cornsiosring
bhe fiwed costs, Lhis ratio s aboot $.5 (1457 /3000=0.4850

wiiioh is ver
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in good shape (1
~2ally needs to uss LFY)

Arixothes possible transfer oF cesouwrces is bhe Lransder
of machines from one factory Lo another. Bot 1t has besn
#hown hefore that fhis is nob interesting. S50 the last

transter to be considered is the switching of teuch

Ehe Dransporbaltion of raw mabeciziz Lo the transpoctation o
fainished goode. Each truck can fransport 10 tons of raw

mabteriais or B tons or finished goods,. The brucks are going
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Lains the same limiftabtion For going Trom
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The optimal switching oy trucks ie proposed in Appsndis

The solubion shows bthat 7 beucks couwld  bEransport

Finished go Uda imstead of raw materiais. The provit has

inzreased by $LTOGG. The way the factories are operating has

completely changed. Now, the region I produces fFinished
goods +or ibks own macksi, bubl exporis raw materials as much
#% the capacity of transporitation ailows. S5tiil. the tactory

2 owor-ks Lo meet Fhe demand on its market,
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fig part is Lo show how Dhe company Will respood Lo

usdgal sronomic changes such as inflation ano inore

pe]
s
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et demand. To siopiify the sconomic realiby, ohe peili

will remain the sames even 10 case of a variation orv the

market demand.

The swoccess oOF & conpany depends malnly on 1Ls

capability to adopt itssld to the market demand, in the

»

miactml , 1F bhe demand on mackel 0 ingreases oy 10%, Lhe

rollowing remarks can be made {(Appendisx T3l: vor raw

materials, the solubion dossn 't change, btut for Finisned

gonds ., the regilon 1 has stopped ite produchtion of product
and started to groduce more oF pgroduact 3 Foe sxporty bhe
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produces +or iLhe intrareglion consumphlion.
o

imoreassd by BYS000 (45, 1% .

onEhe ocontrary, it bhe same markst demand  deoe

.
H

it
17
i
4
il

by 10% (Appendix 043, the profit decreases by 32000 (-~
4.G% . The solution remains Lhe same escspt thab the fachory
I doesn’t export ihe neeoduct 3 anyvmore (lack of
SOl YRS YL LD .

AN Lnorease Dy 104 In market 1 {Appendix 05y gives the

same effect as before with the market 2. But, since this

markat is smalier, the pgrofit increase is only $1E000

19 -



fhe changeEs with an intiatb

Gy, The of the

CoOmpany
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coanhey 1w ronegcasted, Lhe company
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very high (+10.0353%% .
in bthe sams way as

the intiation in

can adapt its

tuation.

For bthe model e reglons are nobl conpletely

agelouil tuwreal or indostrial,. They still
artiticial Tibers and some wool. Hut it

rame sibualbion whers one

woo: and ths her one aniy polyaceylic

cAppendix O

C%re In bhis case, Lthe profit
(=&, 5%, This shows that a region has to

wenduotion oFf raw materials bo mazimize

soiution changes

Tactory i

instead ov prodoct 3.
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producs somns

1% to

ibhi

i

&2

ui

po
rEgion perodaTes Oniy

anc polyamid

deops by $FH06GO

Feep vari
its protit

oot produact D



tven though 1t dis simple, this model works well Lo’
describe the flows between the two regions. All the results

obhtained are in harmony with the economic ruies. I could

certainly helip & company to plan its production.

The model could be improved in differant ways. The
prices +or each movement cowld be disferent; the variation

of Ehe market demand cowid be considered and an suppliies

with & market couln represent the relations with outsis

pL

2.

L

Hdul to simuiate the trade bebwesn Lwo countries, & muitipls

objective function model shouwid be used to defend the rights

aF nobth sides and for example, constraints like terade

harvriers could e impiesmented.



